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FOREWCRD

1. This mlitary standard is approved and nandatory for use by all
Departnents and Agencies of the Departnent of Defense (DoD in accordance
w th DoD Directive 4640.11, dated 21 Decenber 1987.

2. Beneficial corments (recommendations, additions, del etions) and any
pertinent data which may be of use in inproving this docunent shoul d be
addressed to: Commander, U S Arny Information Systens Engi neeri ng Conmand,
ATTN AS@B- SET-T, Fort Hiuachuca, Arizona 85613-5300, by using the

sel f - addressed St andardi zati on Docunent | nprovenent Proposal (DD Form 1426)
appearing at the end of this docunment, or by letter.

3. Qiginally, Mlitary Sandard 188 (ML-STD 188) covered techni cal
standards for tactical and | ong-haul communications, but |ater evol ved
through revisions (ML-STD 188A ML-SID 188B) into a docunent applicable to
tactical commnications only (M L-STD 1880 .

4, The Defense C ommuni cations Agency (DCA) published DCA Arcul ars (DCACs)
pronul gati ng standards and engineering criteria applicable to the | ong-haul

Def ense Communi cations System (DCS) and to the techni cal support of the
National Mlitary GConmand System (NVCS).

5. As aresult of a Joint Chiefs of Saff (JCS action, standards for all
mlitary communi cations are now bei ng Published in a ML-STD 188 series of
docunents. The ML-STD 188 series is now subdivided into a M L-STD 188- 100
series covering coomon standards for tactical and | ong-haul communications, a
M L- STD- 188- 200 series covering standards for tactical comunications only,
and a M L-STD 188-300 series covering standards for |ong-haul comunications
only. Enphasis is being placed on devel opi ng coomon standards for tacti cal
and | ong- haul communi cati ons published in the ML-STD 188-100 seri es.

6. Thi s docunent contai ns standardi zed net hods of neasurenent for sel ected
comuni cati ons systens perfornance paraneter requirenents that are specified
in the ML-STD 188 series of docunments for both | ong-haul and tacti cal

comuni cati ons systens. These nethods are presented in terns of system
standards and design objectives (DX). The terns "systemstandards” and

"desi gn objective (DO" are defined in FED STD-1037. In this docunent, the
word "shall" identifies mandatory systemstandards. The word "shoul d"
identifies D3 which are desirable, but not nandatory.
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M L-STD-1 88-190

1. SCCPE

1.1 Scope. This standard establishes nethods of nmeasurenent for sel ected
el ectrical paraneter requirenents that are specified in the mlitary standard
(ML-STD 188 series of docunents

The net hods of neasurenent in this docunent shall be the neans of ensuring
uni form measurenent results in all cases where the performance of | ong-haul
and tactical communications systens and subsystens is verified by these
net hods of mneasurenent.

These net hods represent existing techniques sel ected on the basis of such
factors as accuracy and current mlitary and comercial practices and
procedures. Enphasis is on the basic principle of neasurenment to avoid
inplied restrictions on technol ogi cal advances and to avoi d revisions of the
standard as new generations of neasuring equi pnent are devel oped.

1.2 Applicability, This docunent shall be applied whenever performance
nmeasurenent s, described by nethods in this docunment, are required on

| ong-haul and tactical communications systens and subsystens. These net hods
of neasurenent shall be used to determ ne conpliance with stated paraneter
val ues contained in approved and published docunents of the M L-STD 188
series. The nethods are intended to be applied, regardl ess of the type or
t echnol ogy of the measuring equi pnent used, or the description of the unit
under test (UJT).

Each method is presented as a basic principle of neasurenent, rather than a
detail ed procedure, for a particular parameter or set of paraneters in the
exi sting ML-STD 188 series docunents. Enphasis is on nethods that apply to
nmeasures of system performance, unless specified ot herw se . Qperations
personnel who use detail ed testing procedures and specific test equi prent are
referred to the appendi x for Defense Gommuni cations Agency circul ars (DCAGS),
handbooks, or other docurments that provide such procedures and test equi pnent
requi rements. Detailed procedures and test equi pnent requirenents are al so
soneti nes agency- provi ded, contractor-provided, or provided in test equi pnent
nanual s. The basi c neasurenent nethodol ogi es given in this standard

generally reflect the currently applied testing procedures found in those
circulars, standards, and other docurents referenced in the appendi x.

1/ 2
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2. REFERENCED DOCUMENTS

2.1 Governnment docunents.

2.1.1 Standards and handbooks . The follow ng standard and handbook forma
part of this docunent to the extent specified herein. Unless otherw se
specified, the issues of these docunents are those listed in the issue of the
Depart nent of Defense Index of Specifications and Sandards (DD SS) and

suppl enent thereto, cited in the solicitation (see 6.2).

STANDARD
FEDERAL
FED- STD- 1037 d ossary of Tel ecom nunication Terns
HANDBOOK
M LI TARY

M L- HDBK- 419 @ oundi ng, Bondi ng, and Shi el di ng
for H ectronic Equi pnents and
Facilities (Volune 1)

(Unl ess ot herw se indicated, copies of Federal and mlitary standards and
handbooks are avail abl e fromthe S andardi zati on Docunents O der Desk, dg.
4D, 700 Robbi ns Avenue, Phil adel phia, PA 19111-5094.)

2.1.2 Qher Government docurments . The follow ng other Governnent docunent
forns a part of this docunent to the extent specified herein. Uhless
otherw se specified, the issue is that cited in the solicitation.

DEFENSE COMMUNI CATI ONS AGENCY ( DCA)
DCA O ROULAR ( DCAC)

DCAC 310-70-1, DCS Techni cal Control, Volume 11
Suppl enent 1 Procedures, Test Descriptions

(Application for copies should be addressed to D rector, DCA ATTN Code
316, Washington, DC 20305-2000 . Requests for copies may be on DCA Form
117: Publication or Bl ank Form Request (for Governnent agencies only), or by
letter wth appropriate justification.)

2.2 - ' ' . The foll owi ng docunents forma part of
this docunent to the extent specified herein. Unless otherw se specified,

the issues of the docunents which are DoD adopted shall be those listed in

the issue of the DADI SS specified in the solicitation. UWless otherw se
specified, the issues of docunents not listed in the DODSS are the issues of
the docunents cited in the solicitation (see 6.2).
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STANDARDS
I NSTI TUTE OF ELECTRI CAL AND ELECTRONI C ENG NEERS (| EEE)

| EEE Std 269- 1983 | EEE Standard Method for Measuring
Transm ssi on Perfornance of Tel ephone Sets

| EEE Std 455-1985 | EEE Standard Test Procedure for Measuring
Longi tudi nal Bal ance of Tel ephone Equi pnent
Qperating in the Voi ce Band

| EEE Std 743-1984 | EEE Standard Met hods and Equi prent for
Measuring the Transm ssion Characteristics
of Anal og Voice Frequency Grcuits

(Application for copies should be addressed to the | EEE Service Center,
Publ ication Sal es Departnent, 445 Hoes Lane, P scataway, NJ 08854, US A)

THE | NTERNATI ONAL TELEGRAPH AND TELEPHONE CONSULTATI VE COW TTEE

(GaTmn

CCa TT Recomrendation G 821 Error Perfornmance of an

(CATT Red Book, International LCigita Gonnection
Volune |11, Fascicle I11.3) Formng Part of an Integrated

Services Digital Network

(Application for copies should be addressed to the U S. Departnent of
Commerce, National Technical Information Service, 5285 Port Royal Road,
Springfield, VA 22161.)

( Non- Gover nnent st andards and ot her publications are nornal Iy avail abl e from
the organi zations that prepare or distribute the docunents. These docurents
al so may be available in or through libraries or other infornational

servi ces.)

2.3 Qder of precedence . In the event of a conflict between the text of
this Docunent and the references cited herein, the text of this docunent
takes precedence. Nothing in this docunent, however, supersedes applicable

| ans and regul ations unl ess a specific exenption has been obt ai ned
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3. DEFI N TI ONS

3.1 Terns. Definitions of terns used in this docunent are as specified in
FED STD 1037. For the purposes of this standard, definitions are provided
for the followng terns that are not found i n FED STD 1037.

Inpairnment . Any characteristic or degradation in the transmssion path which
he perfornmance or quality of the communications systemor
subsystem of which the path is a part.

Intrinsic jitter . Dgital or tine jitter occurring at the output in the
absence of Tnput Jitter.

Jitter transfer characteristic . The ratio of the nagnitude (tine, anplitude,
frequency, or phase) of output jitter to the magnitude of input jitter for a
given jitter frequency and a given bit rate.

Transm ssi on i npai rment neasuring set (Tl M) . In a general sense, an itemor
package of -Instrunentati on used to neasure inpairnents in a transm ssion

path, the neasure of which invol ves detection and display of inpairnent
paraneters in appropriate terns.

NOTE For the purposes of this standard, "TIMS' is a
broad termused to denote the neasuring set needed for
any given nethod of neasurenent. It is not to be
construed as vendor-specific or as feature-laden with
conpr ehensi ve neasurenent capabilities. A TIM can be
portable or stationary (such as a fixed setup for
inservice testing), and only represents the mni num
testing unit or units necessary to apply any given

net hod of neasurenent. For exanple, the TIM used in
the internodul ation distortion (1 M) neasurenent setup
(see 5.13) represents, as a mninum an | MD neasuring
set.

Lhit under test (UJT ). The specimmen subjected to perfornmance anal ysis which,
dependi ng on the neasurenent task, could be a system subsystem or equi pnent
item Exanples of units under test are link, channel, circuit, transmtter,
recei ver, nodul at or - denodul at or (noden), and mul ti pl exer.
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3.2 Apbreviations and acronyns. Abbreviations and acronyns used in this
docunent are defined bel ow Those that are al so found i n FED- STD 1037 have
been i ncl uded for the conveni ence of the reader

ac
ANSI
AT&T
BER
BLER
aTT

dB
dBm
dBnmO
dbrn
dBr nC

—XXX
OX

3=

or-rrQ

3 a3
5

fad

alternating current

Anerican National Standards Institute

Aneri can Tel ephone and Tel egraph

bit error ratio

bl ock error ratio

The International Tel egraph and Tel ephone
Consul tative Commttee

deci bel ('s)

dB referred to one mlliwatt

noi se power in dBmreferred to or nmeasured at OILP

deci bel s above reference noi se

noi se power in dbrn neasured by a set with G nessage

wei ghti ng
direct current
Def ense Conmuni cati ons Agency
DCA circul ar
Department of Def ense
DoD I ndex of Specifications and Standards
envel ope del ay distortion
error-free second(s)
El ectronic Industries Associ ati on
frequency-di vi sion mul ti pl exi ng
Federal standard
hertz
Institute of El ectrical and El ectronics Engi neers
i nternodul ation distortion
kilo

Bol t zmann's constant (1.380662 x 10-23 joul es/k el vi n)

kel vi n(s)

| ogarithm

mlitary handbook

mlitary standard

nmodul at or - denodul at or

Rural El ectrification Adm nistration
r oot - mean- squar e

severely errored second(s)

signal -to-noise ratio

transm ssi on inpai rnment measuring set
unit under test

voi ce frequency

ver sus

vol ume unit(s)

characteristic inpedance

zero transmssion | evel point(s)
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4. CGENERAL REQUI REMENTS

4.1 Prelimnary requirenents . The requirenments set forth in this section
shal | - Be observed when using the methods described in this standard.

4.1.1 Ceneral . Any necessary groundi ng of neasuring equi pnent and the unit
under test (UJT ) shall be nade to a single grounding point to prevent ground
return loops. The accuracy of all connections and swtch positions shall be
verified before the UJr is connected to neasuring equipnent. Afiltered
alternating current (ac) power source shoul d be used for neasuring equi pnent,
where possible. Gilibration of neasuring equi pnent shall be confirned for

the interval required by the nanufacturer's specifications or other

appl i cabl e docunent ation to ensure conpliance wth required tol erances and
neasurenent val idation. Balanced or unbal anced interfaces nust be taken into
account and the UJTI, associated circuits, and neasuring equi pnent (incl udi ng
test cables) shall be careful |y checked for proper inpedance natch and

internal cable | oss each tine a test connection is nade.

4.1.2 Wit under test (UJT) configuration. To effect a neani ngf ul

conpari son of neasurenents, it is necessary to have a standardi zed net hod of
neasur ement and consistency in the configuration of the UJT. Therefore, all
neasur ement dat a shoul d be acconpani ed by a configuration description of the
WJT to include :

a. Cabling diagram

b. UWUJT and test hardware configuration with associated docunentati on,
nomencl at ures, and nmodel nunbers including nodi fications, waivers, and
changes.

c. UWJT software conf iguration and data base entries, where applicable.

d. WJT operating paraneters (e.g., bit rate, in-service/out-of-service,
and renote | oop back/end-to-end).

4.2 Relative test levels. The mlitary standard (ML-STD) 188 series may
specify that a paraneter be neasured at the "zero reference level," or the "
zero transmssion-level point (OILP)." The OILP is sinply an arbitrary

poi nt in a comunicati ons systemchosen as the reference for all relative
transmssion levels. Qher points in the circuit are referenced to the OILP
in the follow ng convention:

XTLP - Level at any point relative to the OILP where X is in decibels
(dB)

dBm - db referred to one mlliwatt

dBrO - A neasure of power in dBmreferred to or neasured at OTLP

(i.e., neasured power in dBm m nus XTLP)

Thi s reference techni que, coupled with a know edge of circuit gai ns and
| osses, allows for translation of neasurenent paraneter val ues throughout a
circuit.
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4.3 Measuring equi pnent. Methods have been sel ected for this docunent that
allowfor use of neasuring equi pnent currently in each mlitary service
inventory and, noreover, can be inplenented wth new generations of neasuring
Equi prent. The nethods are intended to acconmodat e advances and i nprovenent s
i n neasuring equi pnent and techni ques without a need for revision.

A though the equi pnent technol ogy is not specified by this docunent,

technol ogi cal | y advanced neasuri ng equi pnent can expedite perfor nance
neasurenents in several ways. A single conputer-driven instrunent can
performmul tipl e neasurenents wth high precision and efficiency. For
exanpl e, a single transmssion inpairnent neasuring set (TIM5 can neasure
the followng paraneters to the accuracy required by a variety of standards:
crosstal k, net |oss/gain variation, insertion |oss vs frequency, envel ope
delay distortion, intennodul ation distortion, peak-to-average ratio, phase
hits, gain hits, dropouts, inpul se noise, notched noi se, signal-to-noise
ratio, anplitude jitter, phase jitter, and return | oss.

Wiere possi bl e, these multifunction neasuring devices are preferred for
reasons of cost, convenience, repertoire of neasurenent functions, and
repeatability. Additionally, neasuring apparatus that is conputer
controlled (internally or externally) generally provide a neans for storing
and di spl ayi ng neasurenent results and thus provide a tine history of the
neasur enent paraneter. M croprocessor-based equi prent with graphi cs
capability can elimnate errors in nanual cal cul ations and can display plots
of the data to sinplify analysis. Wiere conputer-based i nstrunentation is
not avail abl e, devices can be sel ected that have an output calibrated
directly in the paraneter units needed for the neasurenent results. In the
event direct-reading instrunents are not available, standard nathenati cal
rel ati onshi ps for conputing the desired neasurenent paraneter units from
enpirically derived units are included as a part of the neasurenent nethod.

NOTE See the appendi x for reference to docunents
contai ning functional neasuring equi prent requirenents
and characteristics pertaining to nethods given in
this standard for the neasurenent of anal og

transmssi on characteristics of voice frequency (\VF)
conmuni cat i ons syst ens.

4.4 Accuracy and reproducibility . The accuracy and reproducibility of
neasurenent s nade in accordance wth this standard, though based on preferred

net hods, wll al so depend on the accuracy and other characteristics of the
neasuri ng equi pnent used, the consistency wth which correct neasurenents are
conducted, and the inherent stability of the unit under test (UJI).

4.5 Docunentation of neasurenent data . Requirenents for the formatting and
recordi ng of neasurenent data are not specified by this standard. These
requirenents wll vary, being dictated by the 188 standard val ues specified
and t he docunent (Defense Gommuni cations Agency circular (DCAQ, mlitary
handbook (ML-HXBK), technical nanual, etc.) referred to for detailed

pr ocedur es.
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Dependi ng on the application of the nethods of neasurenent provided by this
standard, neasurenent data requirenments can include the foll ow ng:

The actual test sequence used

Anbi ent test conditions recorded periodical |y during
t he neasurenent period

o] A plot of response curves
o] Test point data

General |y, neasurenent data will always include identification of all
neasuring equi pnent, accessories, and WJT configuration (e.g., |ink nunber,
station, nonmencl ature, serial nunber, or nodel nunber). The record will also
provide for a date and shoul d include a signature bl ock for certification of
the data by the test engineer.

The availability of autonatic data recording and reduction equi pnent nay
precl ude the requirenent for testing forns included in the procedure for this
purpose, provided the end result is the sane. Furthernore, sone forns are
designed for a variety of situations and certain bl ocks or col ums rmay not

appl y.

9/ 10
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5. DETAI LED REQU REMENTS

5.1 Introduction. This section addresses communi cati ons syst em perfor nance
charactéristics-that nust be periodically neasured to determne if applicabl e
perfornmance requirenents, as set forth in the mlitary standard (ML-STD 188
series docunents, are being nmet. These characteristics and associ at ed

net hods of neasurenent are given in the subsequent paragraphs. Paraneter
neasur ement descriptions are arranged in al phabetical sequence and address
anal og, digital, and other performance characteristics wth an enphasis on
system perf or nance paraneters (see figure 1).
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FIGURE 1. Communi cations system showi ng end-to-end neasurenent

envi ronnent s.
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5.2 Bond resi stance neasurenents

5.2.1 Scope. The nethod  described below shall be used to determne the
adequacy 0 e electrical connection between netal -to-netal contact bonds,
based on the direct current (dc) resistance of the bond.

5.2.2 Measuring equi pnent

Four-termnal |owresistance ohmmeter or dc resistance bridge
Braided or |owresistance wire | eads with heavy-duty spring clips

5.2.3 Principles of neasurenent. Ty icall?/, the point-to-point dc

resi stance of an electrical bond should be [ess than one mlliohmand shoul d
be neasured wth a four-termnal neasuring set havi n? a range extending from
about one-tenth of a mlliohmto a sufficient upper [imt. The nmeasuring set
detects a fall of potential across the bond that is conpared to an internal
standard and converted to a direct readout in ohns.

5.2.4 Method. Figure 2 shows the general test arrangenent.

NOTE Al though test |ead resistance in itself does not
affect the accuracy of the reading, the current |eads
nust be of adequate size to carry the maxi numtest
current.

After ensuring that the ohnmeter is properly calibrated, the clip-leads are
attached across the bonded Luncti on as Illustrated. If a bridge is used, it
nust be zeroed, including the |eads, and the clip-|eads connected across the
_bond(ta)d | ungti on as shown. The bridge bal ance is then adjusted until a null

i s obtal ned.

NOTE By placing the current | eads away fromthe
junction while placing the potential |eads near the
junction, the effects of the probe contact resistance
are mnimzed. However, if the bond to be neasured is
internal to anetallic grid such that other current
paths exist in parallel to the path through t he bond
under test, the potential and current probes shoul d be
near to the sane point on each side of the bond to
mnimze error.

The resistance indicated i s recorded and conpared to the resistance [imt
specified for the bond under test.

NOTE See the appendi x for reference to detail ed
procedures for the nethod described in this paragraph.

13
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4-TERMINAL
LOW-RESISTANCE

OHMMETER

OR BRIDGE

A

CURRENT LEAD CURRENT LEAD

POTENTIAL LEADS \

\~BOND TO BE MEASURED

FIGQURE 2. Bond resistance neasurenent setup
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5.3 GCosstalk (intelligible) measurenents

5.3.1 Scope. The nethod described bel ow shal | be used for naking near-end
and far-end intelligible crosstal k neasurenents. It is applicable to units
whi ch contain two or nore parallel channels or circuits for the transm ssion
of anal og or quasi-anal og signal s.

5.3.2 Masuri ng equi pnent

Transm ssion i npai rnent neasuring set (Tl M)
Sel ective | evel neasuring set

5.3.3 Rinciples of neasurenent. Qosstalk is indicated when, in two

adj acent signal -carrying channel s, signals fromone channel nay be detected
inthe other. Near-end crosstalk is neasured at the end of the disturbed
channel nearest to the source of the disturbing signal. Far-end crosstalk is
measured at the end of the disturbed channel renmote fromthe source of the
disturbance. |If the two channels are for opposite directions of
transmssion, near-end crosstalk is inportant. Gonversely, when the channel s
are for the same direction of transmssion, the far-end crosstal k nust be
consi der ed.

Qosstal k neasurenent results are nornmal ly expressed as the ratio of power
del ivered by a source to the disturbing channel, to power received at the
poi nt of neasurenent on the di sturbed channel. However, in regard to

conpl ete transmssion systens, it is generally nore neaningful to take into
account any difference in the nomnal relative levels at the neasuring
points. This is achieved by expressing both of the measured | evel s in noise
power in decibels relative to one mlliwatt and referred to or neasured at
zero transmssion level point(s) (OILP) (that is, dBnQ.

5.3.4 Method. Figure 3 shows the general test arrangenents for near-end and
far-end crosstal k neasurenents. Wth the TIMs adjusted to the specified
frequency and |l evel and the selective | evel neasuring set switched toits
narronest bandpass position, the difference in dB between this |evel and the
di sturbed channel neter reading is recorded (in terns of dBmor dBnQ as
requi red by the standard) and conpared to the specification for the unit
under test (UJN). The TIMs can be di sconnected fromthe di sturbi ng channel
and replaced with a termnation to verify that the power |evel neasured on
the disturbed channel is primarily crosstalk and not significantly inpacted
by residual noise.

NOTE The foll ow ng fornul a can be used to conpensat e
for any effect that residual noi se may have on the
crosstal k readi ng:
dB (corrected) = dB (uncorrected) - 10 logl0 (I - 10-0.1X)

where "X' = dB difference between the uncorrected and
resi dual noi se readi ngs.
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CHANNEL
--- CHANNEL A --- TERMINATION
TIMS UNIT UNDER
(GENERATOR) TEST TANNEL
--- CHANNEL B --- TERMINATION
SELECTIVE
LEVEL
MEASURING
SET
a. Near-end crosstalk.
CHANNEL |.
--- CHANNEL A --- TERMINATION
TIMS UNIT UNDER
(GENERATOR) TEST
--- CHANNEL B ---
\
CHANNEL SELECTIVE
TERMINATION LEVEL
MEASURING
SET
b. Far-end crosstalk.
FIGQURE 3. Qosstal k' (intelligible) measurenent set up.
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This method is repeated for other frequencies as required by the
specification applicable to the UUT.

NOTE: See the appendi x for reference to correspondi ng

nmeasuri ng techni ques and equi pnent specifications for the
met hod descri bed above.
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5.4 DOgital error neasurenents

5.4.1 Scope. The nethod described bel ow shall be used to examne a digital
data streamto determne if the transmtted logic state detected at the
receiver is the opposite state (i.e., a bit error). This nmethod shall
provide data for error analysis to include error count, bit error ratio
(BER), block error ratio (BLER), errored seconds, error-free seconds (EFS),
percent of availability and unavailability, percent of errored seconds and
severely errored seconds (SES), and percent of degraded m nutes.

5.4.2 Measuring equi prent .

Error neasuring set

NOTE A set is defined as having a pattern generator
and an error detector, either integrated i nto one
enclosure, or split. |If the set is integrated, two
sets are required for the end-to-end setup.

Recor di ng devi ce

5.4.3 Principles of neasurenent. D gital errors are detected as an error
count or an errored interval. BERis derived fromthe error count as the
ratio of bits received in error, to overall nunber of bits sent. BLERIiS
al so derived fromthe error count as the ratio of bl ocks received in error,
to overal | nunber of blocks sent. To have neani ngful results, BER and BLER
neasurerments nust be nmade in a specified averagi ng period of tine.

NOTE Typically, the required neasurenent tine is
inversely proportional to the data rate. The
International Tel egraph and Tel ephone Gonsultative
Commttee (A TT) ?see GO TT Reconmmendation G 821) has
suggest ed averagi ng periods froml second to 10
mnutes, BER thresholds fromO to 10-3, and total
neasurenent tines as long as 1 nonth, depending on the
type of digital service being eval uated. GCommon error
ratio practice requires the collection of at |east 100
errors for a high confidence in the cal cul ated result
of the BER anal yzer or neasuring set.

Erored intervals are usual |y expressed as errored seconds, with the errored
interval beginning at the occurrence of the error and not related to the
sanpling period. Erored seconds, when neasured during a specified period of
tine, can be used to derive percent of errored seconds, percent of SES and
percent of degraded m nutes. EFS neasurenents are nade in a specified

sanpl i ng period, and BLER can be expressed as EFS with a bl ock size of one
second. Percent of availability is another way to characterize digital error
perfornmance and is derived fromthe nunber of one-second intervals in the
neasur erment period for which the BER exceeds a specified threshol d.
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NOTE: Percent of availability, percent of

unavai l ability (the converse of the percent of

avail ability), percent of errored seconds, percent of
SES, and percent of degraded m nutes are neasurenents
derived from"avail able" time based on GO TT
Recommendati on G 821. Refer to this docunent for
addi tional information on requirenents for these
per f or mance par anet ers.

Limts for randomdistributions of errors are specified in BER whereas BLER
and BFS are error criteria used to characterize burst distributions of
errors.

An error nmeasuring set is needed that will characterize neasurenent results
inthe terns of neasurenent specified by the standard that applies to the
unit under test (UJ).

5.4.4 Method. Error analysis with test signals (a known data sequence) is
the nethod given for naking digital error measurenents.

Fi gure 4 shows the general test arrangenent. As indicated by the broken
lines on the figure, timng can be supplied internally by the error neasuring
set if not available externally fromthe UUJT.

NOTE: Because of the difficulties sonetines associ at ed
w th synchroni zing the nmeasuring set receiver wth
internally generated timng, external timng is
general |y preferred.

After selecting the interface and format for the type of nodemor ot her
channel termnating equi prent used on the UJT, a known pattern of bits
(usual |y a pseudorandompattern) is transmtted through the UJI. An
identical error-free patternis generated internally by the error neasuring
set at the receiving end and synchroni zed and conpared with the recei ved
signal. FError count or errored intervals are viewed directly on the tester
display or nonitored on the recording device. At the end of the required
test interval, the results are recorded in the appropriate terns of

neasur ement and conpared to the specification for the UJT.

NOTE: See the appendi x for reference to detailed
procedures for the nethod described above.
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DIGITAL
STREAM
ERROR -
MEASURING
SET
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TIMING
(NOTE 1)
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(NOTE 2)

DIGITAL
STREAM
- ERROR
MEASURING
SET
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5.5 Digital jitter rmeasurenents

5.5.1 Scope. The nethod described bel ow shall be used to neasure the
intrinsic jitter and jitter transfer characteristic of digital transm ssion
syst ens.

5.5.2 Measuring equi prent .

Jitter generator/receiver (jitter measuring set)
Spectrum anal yzer (optional)

Vol tneter (optional)

Recor di ng devi ce

5.5.3 Principles of nmeasurenent . Digital jitter is a paraneter of key
inmportance to digital transm ssion systens. At higher bit rates, data pul ses
becorme narrower with shorter tinme intervals between pul ses. Due to an
accunul ation of jitter along the digital path, pulse transitions occur
earlier or later than anticipated and thus can cause errors in translating
pul ses at the receiving end. Tine jitter neasurenents are acconplished with
ajitter nmeasuring set that includes a tinme-interval counter for the
detection and counting of zero-crossings of a reference tinebase, gated or
controlled by external start and stop events.

5.5.4 Method. The preferred nmethod for digital jitter nmeasurenments enpl oys

a jitter generator/receiver (jitter measuring set) which can generate the
required input jitter anplitude and frequency and provide a direct readout of
jitter neasurenent paraneters. An output port on the receiver portion of the
nmeasuring set is nornmally provided to permt access to the denodul ated jitter
where its root-nmean-square (rns) anplitude can be nmeasured on an externa
voltmeter, or its spectral content neasured on a spectrum anal yzer.

Figure 5 shows the general test arrangenment. Intrinsic jitter is measured in
terns of output jitter in the absence of input jitter. Wth no input jitter,
the intrinsic jitter output of the unit under test (UJT) is displayed in
peak-to-peak unit intervals. This value of jitter magnitude is recorded and
conpared to the imt specified for the UUT.

NOTE: The jitter neasuring set specified for this

nmet hod nay not be readily available. An alternate

met hod using an oscill oscope is described in Defense
Comuni cati ons Agency G rcul ar (DCAC) 310-70-1, Vol une
I, Supplenent 1. However, for ease of use and
accuracy, the jitter neasuring set with generator and
receiver is preferred when avail abl e and appli cabl e.

Jitter transfer characteristic is measured as the ratio of output jitter to
input jitter anplitude versus (vs) jitter frequency for a given bit rate.
Input jitter is specified by the applicable standard in terns of both
anpl i tude and frequency. For evaluation of the jitter transfer
characteristic, a data streamwith jitter is applied by the generator to the
input of the UUT and the output jitter frequency and gain across the jitter
spectrumof interest is observed at the receiver.
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RECORDING
DEVICE
JTTER UNIT JITTER
MEASURING UNDER MEASURING
SET TEST ' SET
(GENERATOR) (RECEIVER)
{ DEMODULATOR
I OUTPUT
e ]
|
|
|
________ r -
r— ———-1' r—" _—_-}
| |
| | | SPECTRUM |
| voLTMETER | ANALVZER |
[ l | !
(SEE NOTE) (SEE NOTE)
NOTE:

THESE INSTRUMENTS CAN BE USED FOR MEASUREMENT OF rms
AMPLITUDE OR SPECTRAL CONTENT, RESPECTIVELY.

FIGURE 5. Dgital jitter measurenment setup
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The resulting jitter values are recorded and conpared to the specifications
for the UJT.
NOTE A plot of jitter gain vs jitter frequency is

nornal |y constructed by a recordi ng device to
facilitate conparison of test results with specified

val ues for the UJT.
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5.6 Dropout measurenents

5.6.1 Scope. The nethod described bel ow shall be used for neasurenents on
communi cati ons systens subject to |large reductions in channel gain or
interruptions of continuity such as mght result fromdeep radio fades.

5.6.2 Measuring equi pnent

Transm ssi on inpai rment nmeasuring set (TIMS), 2 ea
Recor di ng device (optional)

5.6.3 Principles of neasurement . A dropout is counted when the |level of the
hol di ng tone decreases by at |least 12 dB for a period of tine | onger than the
qgualification interval. The dropout neasuring set or TIM neasures the

recei ved holding tone level at the start of the neasuring interval and

establ i shes a dropout threshold 12 dB belowthis | evel. This threshol d nust
remai n fixed during the renai nder of the neasuring period.

Paraneters for dropout neasurenents include I ength of tine that gain renains
bel ow t hreshol d, nunber of dropouts in a given tine interval, and tine
distribution of dropouts.

5.6.4 Method. Fi gure 6 shows the general test arrangenent. Wth the

sending TTM5 Transmtting a hol ding tone, dropouts are counted by the
receiving TIMS after its controls are set for the required threshold and tine
interval for cunul ative dropouts, as specified for the unit under test

(WM. The dropout count is recorded for the required tine interval and
conpared to the specification for the UJT.

NOTE: See the appendi x for reference to detail ed
procedures, correspondi ng techni ques, and neasuring
equi pnment specifications for the method descri bed
above.
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TIMS - UNIT - TIMS
(GENERATOR) UNDER TEST (RECEIVER)

(SEE NOTE)

NOTE:
A RECCRDI NG DEVI CE CAN BE USED AS SHOM TO
CHARACTER ZE PERFCRVANCE RESUALTS.

FIGURE 6. Dropout neasurenment setup
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5.7 Envel ope del ay distorti on neasurenents.

57.1 Scope. The nethod described bel ow shal | be used for naki ng envel ope
del ay distortion (EDD) neasurenents on a communi cations systemas an
assessnent of the linearity of the phase vs frequency response of a voice
channel .

5.7.2 Measuring equi pnent

Transm ssi on inpai rment nmeasuring set (TIMS), 2 ea
Recor di ng devi ce

5.7.3 Principles of neasurenent . The absol ute delay, or transit tine, for
signal s transmtted through a communi cati ons channel nay vary wth a change
in frequency. This variation is equivalent to nonlinear phase shifting,
which is defined as phase or delay distortion. Because it is inpractical to
neasure the absol ute phase shift or delay of each frequency through the
channel , the nethod nust be a rel ati ve neasurenent invol ving the transm ssion
of a swept carrier that is anplitude nodul ated with a | owfrequency signal
(usually 83-1/3 hertz (Hz)). Delay to the carrier and its nodul ation

si debands al so del ays the nodul ati on envel ope. EDD, then, is the naxi mrum
devi ation in envel ope del ay across the specified band of frequencies.

EDD has virtual |y no adverse effect on voice transmssion. However, in data
transmssion, the distortion gives rise to intersynbol interference which
causes errors and increased sensitivity to systemnoi se and bandw dt h
[imtations.

5.7.4 Method. There are two basic nethods of neasuring ECD (1) the
reference nethod (forward or return) which requires an additional circuit,
and (2) the QO TT nethod whi ch does not use a forward- or return-reference
line. The available neasuring sets differ for these two nethods and are not
conpati ble. The reference nethod has been sel ected for this standard based
on the availability of reference-type neasuring instrunents.

F gure 7 shows the general test arrangenents for return- and forward-
reference configurations. The figure 7.a. configuration wll allow direct
observation of results while adjusting a systempreequalizer. Conversely,
the figure 7.b. configuration wll acconplish the sane for a postequalizer.
If no adjustrments are required or if the input and output ports of the unit
under test (UJI) are col ocated, either configuration can be used.

Wth the frequency and envel ope delay Iimts established and the recordi ng
device calibrated over the appropriate range, the val ues fromthe envel ope
del ay neasurenents are recorded and conpared to the specification for the
UUT.

NOTE: See the appendi x for reference to detailed
procedur es, correspondi ng techni ques, and neasuring
equi prent speci fications for the nmethod descri bed
above.
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a. Return-reference configuration.
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5.8 Frequency neasur enent s

5.8.1 Scope. The nethod described bel ow shal | be used to neasure the
ability of an independent frequency source to naintain a fixed and assi gned
frequency.

5.8.2 _Measuring equi prent .

Frequency count er
Frequency and tine standard (as required)
Recor di ng devi ce

5.8.3 Principles of neasurenent . A frequency counter which counts the
nunber or cycles O a signal under test over a precisely known tine interval
is the basic tool for frequency neasurenents. |In general, the frequency
counter nust offer an accuracy of at |east an order of nagnitude greater than
that of the unit under test (UJT). To achieve this, a prinary or secondary
standard nust soneti nes be enpl oyed to serve as the tine base for the
frequency counter.

Prinary standards are cesiumatomc beamresonator controlled oscillators,
whi | e secondary standards are rubidiumgas cell controlled oscillators and
quartz crystal oscillators.

5.8.4 Mthod. Figure 8 shows the general test arrangenent.

NOTE Frequency counters are not generally bal anced to
ground. The counter used nmay be sensitive to

ext raneous noi se picked up on the test |leads or from
longitudinal currents introduced by the UUJT.

After specified warnup and anbi ent conditions are net for the UJT, the
frequency count is nonitored and recorded as a periodi ¢ neasurenent for
accuracy, or recorded over a requisite tine interval for stability. The
naxi mumr ecor ded excursions fromthe assigned frequency for the UJT are
conpared to the specified tol erance for the U

NOTE 1: Sability can be calculated, if not
acconpl i shed automatically, by using the foll ow ng
formul a:

(Fmax - Fmin)
(% = 100
Fe

where S = stability;
Frax = hi ghest neasured excursion of the carrier;
Frin = | onest neasured excursion of the carrier;
and F. = assigned carrier frequency.
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NOTE: See the appendi x for reference to detail ed
procedures, correspondi ng techni ques, and neasuring
equi prment specifications for the method descri bed

above.
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RECORDING FREQUENCY utlfaglgn
DEVICE COUNTER TEST

ol

FREQUENCY :
AND TIME
STANDARD |

e e

(SEE NOTE)

r
]
|
[
|

NOTE:

TH S | NSTRUVENTATION 1S ONLY NECESSARY FCOR THOSE MEASUREMENTS REQU R NG
A H GH DEGREE OF ACCURACY NOT OBTAI NABLE FROM THE OSCI LLATCOR | NTERNAL

TO THE FREQUENCY COUNTER .

FI GURE 8. Frequency measur enent setup
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5.9 Frequency transl ation error neasurenents

5.9.1 Scope. The nethod described bel ow shall be used to detect any change
inthe frequency of an audio signal as it is transmtted through a voi ce
frequency (VF) channel in one direction. Frequency translation error
neasurenents prinmarily apply to systens using frequency translation

t echni ques such as those incorporated in frequency-division miltiplexing

(FDV equi pnent
5.9.2 Measuring equi pnent

Si gnal gene}ator
Frequency counter, 2 ea

5.9.3 Principles of neasurenent . Nonsynchronous FDMsystens w || cause
deviations 1n the frequencies of audio signals when the transmt and recei ve
carrier frequencies are not identical. These undesired changes are sonetines
referred to as frequency displ acenent or frequency offset errors.

5.9.4 Mthod. Figure 9 shows the general test arrangenent. Atest toneis
transmtted and any change in its frequency is determned by the difference
inthe readouts of the two frequency counters. This difference is conpared
to the specification for the unit under test (UJI).

NOTE: See the appendi x for reference to detail ed
procedures for the method descri bed above.
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UNIT
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FREQUENCY
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GENERATOR
1
FREQUENCY
COUNTER
FI GURE 9

Frequency t ransl ati on error neasurenent setup.
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5.10 Harnonic distorti on neasurenents

5.10.1 Scope. The net hod descri bed bel ow shal | be used for naking single
harnoni ¢ distortion neasurenments on anal og transm ssion systens. The net hod
permts the neasurenent of harnonic distortion of specified signals sent over

a transmssion system physical circuit, or any individual part of the anal og
system(e.g., audio anplifier). Harnonic distortion neasurenents by this

net hod are necessarily limted to those circuits or units which have

harnonics falling wthin the bandpass of the unit under test (UUT).

5.10.2 Measuri ng equi prent

S gnal generat or
Level neasuring set
Sel ective | evel neasuring set or spectrumanal yzer

5.10.3 Principles of neasurenent . Harnonic distortion is caused by
nonlinear transfer characteristics of a circuit or device. Therefore, it is
a nonlinear distortion resulting fromthe generation of new signal conponents
not present in the original transmtted signal. This distortion appears as
har noni cs of a single-frequency input signal and thus is referred to as
harnonic distortion. In VW circuits, it is the in-band second and third
harnoni cs that are of primary concern.

5.10.4 —Method  Two generic nethods for neasuring harnonic distortion are
conmonl y used:

a. Sngle harnonic distortion using a frequency sel ective |evel neter or
spect rum anal yzer.

b. Total harnonic distortion using a nulling-type distortion anal yzer.

S nce method b. does not differentiate between harnoni cs and noi se and does
not provide individual |evels of the harnonics, nethod a. shall serve as the
generi c standard.

F gure 10 shows the general test arrangenent. A single harnonic-free test
tone is required at the input of the U and the | evel s of the harnonic
conponents are neasured at the output. Assumng the proper setting of
frequencies and | evel s, in-band harnonic levels are neasured rel ative to the
fundanental and recorded as a percentage or nunber of dB bel ow t he
fundanental . These val ues are conpared to the specification for the UJT.
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1G UNIT SELEgEgE é‘ESVE"

SIGNAL UNDER o] MEASURING SET
TE OR SPECTRUM

GENERATOR ST R SPECTRU

LEVEL
MEASURING
SET

FI GURE 10. Har noni ¢ di storti on measur enent setup
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NOTE 1: Harnonic distortion (D) can be converted from
nunber of dB bel ow t he fundanmental to percent
distortion by the follow ng formula:

100
X% =

ANTI LOGLO 0. 05D( dB)
Conversely, D(dB) = -20 log |o O OLD(%

NOTE 2: Total harnonic distortion (D ) in percent
can be derived fromthe follow ng formula:

Dt (%total) = ( g2 + p2 +...)Q5

where a, b, ... are the distortion percentages of the
i ndi vi dual har noni cs.

NOTE 3: See the appendi x for reference to detail ed
procedures for the method descri bed above.
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5.11 | npul se noi se neasur enent s

5.11.1 Scope. The nethod described bel ow shal | be used for neasurenents on
communi cati ons systens subject to short duration noi se spi kes and ener gy
bursts.

5.11.2 Measuring equi pnent

Transm ssi on inpai rment nmeasuring set (TIMS) (2 ea for tests
requiring a hol ding tone)
Recor di ng device (optional)

5.11.3 Principles of neasurenent . Inpul se noise consists of deviations of
the recei ved noi se signal which are nuch greater in anplitude than the nornal

rng noi se | evel and occur as short duration spikes or energy bursts. Nbise

i npul se occurrences are general |y a function of systemactivity and

neasur ement s shoul d nornal | y be nade during periods of peak systemactivity.
To be counted as an inpul se, the inpul se noi se shoul d exceed the rns noi se
level by a predetermned [imt. A counter in the neasuring set records the
nunber of noi se spi kes exceedi ng this threshol d.

Measur enent paraneters for inpul se noi se include the nunber of pul ses above
threshold in a giventine interval, tine distribution of noi se spi kes, and
distribution of inpulse nagnitude in deci bels.

NOTE Low md-, or high ranges for nagnitude
threshold allow for derivation of a profile of the
impul se anplitude distribution to facilitate anal ysis.
Such a profile, for exanple, can aid in determning
sources of inpul se noi se.

5.11. 4 Mt hod. Figure 11 shows the general test arrangenent. The input of
the unit under test (UJI) is termnated inits characteristic inpedance

(Z9.

NOTE: Sone channel tests require activation of all
ot her channel s or adjacent channel s.

I npul se noi se spi kes are counted by the TIMS after its controls are set for
the required i npedance (termnating node), weighting, threshold, and tine
interval for cunul ative inpul se noi se spi kes, as specified for the UJ.

NOTE A notching capability on the TIMS receiver is
required for those tests that involve a hol ding tone.

The i npul se noi se count is recorded for the required tine interval and
conpared to the specification for the UJT

NOTE: See the appendi x for reference to detail ed
procedures, correspondi ng techni ques, and neasuring
equi prment specifications for the method descri bed
above.
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UNIT
TIMS
TERMINATION I U’PEDSETR (RECEIVER)
|
|
| i
| |
| |
‘___..L___‘ I___.L.._.'
| i | '
| TIMS | ,,,,I,,,aecnamua,,l,
| (ceneraTOR) | | DEVICE
| | |
I | [
(SEE NOTE 1) (SEE NOTE 2)
NOTES:

1. TH S I NSTRUMENT M NECESSARY ONLY | F A HOLD NG TONE | S REQU RED.

2. A RECCRDI NG DEVI CE CAN BE USED AS SHOM TO CHARACTER ZE
PERFCRVANCE RESULTS.

Fl GURE 11. | npul se noi se neasur emrent setup
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5.12 Insertion | oss vs frequency neasurenents

5.12.1 Scope. The nethod described bel ow shal | be used for neasuring
insertion loss as a function of frequency. It is applicable to units which
are used for the transmssion of anal og or quasi-anal og signal s.

5.12.2 Measuri ng equi pnent

Si gnal gener at or
Level measuring set
Recor di ng device (optional)

5.12.3 Principles of neasurenent . Insertion loss as a function of frequency
(also referred to as attenuation distortion, frequency response, or anplitude
vs frequency distortion) is the difference inloss at the reference frequency

and the loss at the neasuring frequency.

5.12.4 Method. Insertion loss is typically neasured by applyi ng a constant
anpl i tude, swept-frequency test tone to one end of a circuit and neasuring
the variations in received level as a function of frequency at the other end.

F gure 12 shows the general test arrangenent. Wiile naintaining the
appropriate signal generator output |level, the frequency is swept over the
specified band. The received | evel is then neasured and recorded at enough
frequencies to verify that the response is within the limts specified for
the unit under test (UJ).

NOTE: See the appendi x for reference to detail ed
procedures, correspondi ng techni ques, and neasuring
equi prment specifications for the method descri bed
above.
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SIGNAL UNIT LEVEL

GENERATOR UNDER TEST MEASSEUTRING

(SEE NOTE)

NOTE:
A RECCRDI NG DEMI CE CAN BE USED AS SHOM TO
CHARACTER ZE PERFCRVANCE RESULTS

FIl QURE 12. Insertion | oss vs, frequency nmeasurenent setup
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5.13 Internodul ati on di storti on neasurenent s

5.13.1 Scope. The net hod described bel ow shal | be used for naking multitone
nonlinear distortion neasurenents. It is applicable to units which are used
for the transmssion of a multiple-frequency signal.

5.13.2 Measuring equi pnent

Transm ssion i npai rnent neasuring set (TIM5) wth four-tone
capability, 2 ea

5.13.3 Principles of neasurenent. Like harnonic distortion (see 5.10.3),
interm)éiul ation distortion (IMD) is a non linear formof distortion. However,
with a miltiple-frequency input instead of a single-frequency input, | M
products result froman intermxing of the individual tones and their

harnoni cs. A technique using a multitone input nore accurately sinulates a
working data signal for the testing of data circuits, allowng for a nore
representative assessrment of | M

5.13.4 Method. The neasurenent nethod (and associ ated neasuring equi pnent)
conformng to Institute of Hectrical and Hectroni c Engi neers (| EEE)
Standard 743-1984 has been adopted for this standard. Four-tone IMDis
neasured by appl ying four equal -1evel tones at the input of the unit under
test (WJT) and neasuring second-order and third-order conponents at the

out put .

F gure 13 shows the general test arrangenment. Follow ng the specified |evels
for the four tones, the second- and third-order internodul ati on conponents
are neasured and recorded as required by the applicable standard. D sabling
the two | ower frequency tones and increasing the other two by 3 dB w |l
reestablish the conposite | evel and provi de a neasurenent of noi se conponents
that inpact the accuracy of these distortion readings. The |IM val ues can
then be corrected by using the fol |l ow ng equati on:

dB (corrected) = dB (uncorrected) - 10 log 1 (1-10°%'%)
where "X' = dB difference between uncorrected readi ng and noi se readi ng.

The corrected val ues are recorded and conpared to the specification for the
UUT.

NOTE: See the appendi x for reference to detailed
procedur es, correspondi ng techni ques, and neasuring
equi prent speci fications for the nmethod descri bed
above.
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TIMS
(GENERATOR)

UNIT
UNDER
TEST

TIMS
(RECEIVER)

FI GQURE 13.

I nternodul ati on distorti on neasurenent _set up
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5.14 Longi tudi nal bal ance neasurenents

5.14.1 Scope. The nethod described bel ow shal | be used for naking

neasur ement s on communi cati ons systens to determne their susceptibility to
interference fromexternal sources. These neasurenents are applicable to
one- and two-port units which use bal anced-port circuitry.

5.14.2 Masuring equi pnent

Longi t udi nal bal ance neasuring set (2 ea for two-port setup)

5.14.3 Rrinciples of neasurenent. Mst noi se on physical circuits is due to
| ongi tudi nal unbal ance. The | ongitudi nal bal ance test determnes if the

| ongi tudi nal unbal ances present ire within the specified [imt in the
physical circuit.

Testing a unit for bal ance invol ves the application of a |ongitudinal voltage
(M) as a source, and neasurenent and nmonitoring of the resulting netallic
voltage (Vi) at the termnating end. The degree of |ongitudinal bal ance in
decibels is derived fromthe fol | ow ng equati on:

Bal ance (in dB) =20 log (V 1/Vp

where V1 is the voltage applied to the driving test circuit for

| ongi tudi nal bal ance neasurenents; and Vmis the voltage across the two
sides of acircuit resulting froman i npedance inbal ance in the circuit being
tested for electrical symetry.

5.14.4 Method. Several different test circuits for neasuring | ongitudi nal
bal ance 'were devel oped by AT&T, GO TT, EBA REA and others. The test
results differed, depending on which circuit was utilized. To reconcile
these differences, |EEE Sandard 455-1985 was devel oped and, subsequently,
neasuring equi pnent conformng to this standard has becone avail abl e.

Test nethods (and associ at ed neasuring equi pnent) conformng to | EEE S andard
455- 1985 have been adopted for this standard and are summarized in the
fol | ow ng paragraphs.

F gure 14 shows the general test arrangenents wth configurations a and b.
The figure 14.a. configuration applies to one-port units, and the figure
14.b. configuration to two-port units. Wth the neasuring set calibrated for
the specified test frequency or frequencies, the bal ance of the unit under
test (WJN) is neasured and recorded.

NOTE The appropriate value of bias current shoul d be
ensured for those UJTs that require a dc bias to
oper at e.
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LONGITUDINAL
BALANCE
MEASURING =

ih

UNIT
UNDER TEST

LONGITUDINAL
BALANCE
MEASURING
SET

a. One-port test setup.

UNIT
—L"JUNDER TEST

FIl GQURE 14.

i

b. Two-port test setup .

Longi t udi nal

LONGITUDINAL
BALANCE
MEASURING
SET

bal ance measurenent setup .
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For two-port units, the bal ance readi ngs are neasured and recorded for the
WJT in one direction (input of UJT connected to the driving test circuit),
and then repeated for the reverse direction (output of UJT connected to the
driving test circuit). The resulting values are conpared with the
specification for the UJ.

NOTE 1: For two-port units, series and shunt

unbal ances are conpared by neans of a switching feature
on the neasuring set to determne which is domnant in
t he UJT.

NOTE 2: Measurenent of |ongitudi nal bal ance using the
equi prent specified for this nethod can produce

m sl eadi ng resul ts when testing UJTS, such as tel ephone
| oops, which are susceptible to induced discrete
signals. In such cases, a |ongitudinal bal ance test
set wth a highly selective tuning capability woul d
have to be used to select only the frequency of the
test signal. This type of test set is under

devel opnent and is not yet available. As an alternate
net hod of neasurenent (described in ANSI/IEEE S andard
820-1984), G nessage weighted netal | i c noi se and

noi se-to-ground are neasured using a noi se test set.
The longitudinal balance in dBis defined as:

Balance = Ng - N

where Ng = noi se-to-ground (noi se power in dB above
reference noi se neasured by a set with
Gnmessage weighting (dBrnQ;

and Nn= netal lic noi se (dBrnQ.

NOTE 3: See the appendi x for reference to detailed

procedures and correspondi ng neasuring equi prnent
specifications for the nethods described above.
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5.15 Net | oss/gai n variati on neasur enent s

5.15.1 Scope. The nethod described bel ow shall be used to neasure net
loss/gain . nvariations wth respect totine. It is applicable to units which
are used for the transmssion of anal og or quasi-anal og signal s through a W
channel .

5.15.2 Measuring equi pnent

Transm ssi on i npai rnent neasuring set (TN
Level neasuring set w th recorder out put
Recor di ng devi ce

5.15.3 BRinciples of measurenent . The net | oss or gain of a communi cation
channel nust be determned so that correct operating power |evels can be
establi shed and nai ntained. The test signal power level is required to be
wthin the normal operating range of the unit under test (WJI. A net |oss
is indicated when the input level mnus the output |evel results in a
positive value. Againis indicated when the calculation results in a
negative value. The net |oss or gain of the channel shoul d renai n const ant
over tine wth a fixed-level test signal applied at the sending end of the
UJT.

5.15.4 Method. Variations of net |oss (insertion |oss) or gain wth respect
to tine are neasured by inserting a fixed-l1evel tone at one end of a circuit
or unit and recording the received level at the other end for a prescribed

tine period.

F gure 15 shows the general test arrangenent. The recorder is calibrated and
adj usted to accommodat e the recei ved test tone level, variation limts, and
rate of level variations. Received signal |level variations are recorded for
the prescribed tine period and conpared with the variation limts specified
for the UJL.

NOTE See the appendi x for reference to detail ed
procedures for the nethod described above.
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UNIT

(GENERATOR)

FI GQURE 15.

Net

UNDER TEST

LEVEL
MEASURING
SET

RECORDING
DEVICE

| oss/ gain variati on measurenent setup
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5.16 Nboise figure measurenents

5.16.1 Scope. The nethod described bel ow shal | be used to determne how
well a unit under test (UJT) can process weak signals. This noise figure

neasurenment nethod is universal as it applies to conponents, equiprent, or
syst ens.

5.16.2 Measuring equi pnent

Br oadband noi se sour ce
Noi se figure neter
Filter (as required)

5.16.3 Principles of neasurenent. The noise figure is the ratio of the

out put NOiSE€ power of a device to the portion attributable to thernal noi se
inthe input termnation at standard noi se tenperature (usual ly.290 kel vins
(290 K)). This ratio then is the actual output noise to that which woul d
remain if the device itself was nade noi sel ess. Mathenatically, this
definition may be expressed as

N, S/ N
N: = — = —
kTBG Sd N,
where N, = measured noi se out put power;
k = Boltzmann's constant, 1.380662 x 10-23 joul es/ K
T, = absolute tenperature in K
B = bandw dth in hertz;
G = systemgain as a power ratio;

S/N = input signal-to-noise ratio;
and S/ N,= output signal-to-noise ratio.

5.16.4 Method. The nunerous approaches to neasuring noise figure all rely
on sone formof neasuring the parameters in 5.16.3 and include the fol | ow ng
nanual techni ques:

a. Measurenents using a signal generator and a power neter.

b. Measurenents using a broadband signal generator as a noi se source and a
power neter.

c. Measurenents using an excess noi se source and a power neter and
appl ying either:

(1) The tw ce-power nethod;

or (2) The Y-factor nethod.
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Wi | e these manual nethods yield valid results, they are neverthel ess sl ow
tedious, and conplicated. D rect reading, continuously indicating noise
figure neters whi ch enpl oy mcroprocessors that autonatically conpute and
display the noise figure of the UJT are preferred where such instrurments are
avai | abl e. The automati c systemusi ng an excess noi se source is therefore
the preferred approach to noi se figure neasurenents and is the nethod gi ven.

F gure 16 shows the general test arrangenent.

NOTE Wien neasuring noi se figure, several possible
sources of error nust be considered, including errors
caused by i npedance m smat chi ng, spurious responses in
the UJT, and tenperature. Matching the neasuring

equi prent to the WJT will ensure that the noi se power
is effectively coupled into the system Source noi se
islimted to the bandwi dth of the UJT by a filter that
elimnates the effects of inage or spurious responses
inthe WI. The tenperature of the noi se source shoul d
be known and additional noi se caused by anbi ent
tenperat ure conpensated for.

Wth the specified current provided to the noi se source and the noise figure
neter properly adjusted and calibrated, the noise figure is noted. Al
corrections required, such as filter or cable | oss between the noi se source
and the WJT, are noted and accounted for in deriving the neasured noi se
figure. The corrected noise figure is recorded and conpared to the
specification for the UJT.

NOTE: See the appendi x for reference to detailed
procedures for the nethod described above.
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. UNIT
- NOISE FILTER UNDER

SOURCE (AS REQUIRED) TEST

CALIBRATION

NOISE SOURCE DRIVE NOISE
FIGURE
METER

FIGQURE 16. Noise figure measurenent setup
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5.17 Noi se/signal -to-noi se rati o neasurenents

5.17.1 Scope. The net hod descri bed bel ow shal | be used for naki ng
i dl e-channel or notched-noi se neasurenents. It is applicable to units which
are used for the transmssion of anal og or quasi-anal og signals

5.17.2 Measuring equi pnent

Noi se neasuring set (wth Gnessage, 3-kHz flat, and sw tchabl e
notch filters)
Test oscillator (holding-tone generator)

5.17.3 Principles of neasurenent. Nbise neasured on a unit that is
correctly termnated but not-carrying any signals is called idl e-channel or
background noi se. 1dl e-channel noi se measurenents on conpandored units, or
on units which digitize anal og signals, do not give a true indication of
noise levels. In these cases, a holding tone is inserted at the send
termnal and a notching filter is enployed at the receive termnal to renove
this tone prior to naking the noi se neasurenent. The hol di ng tone activates
the channel so that harnonic distortion, quantizing noise, phase jitter, and
anplitude jitter becone part of the noi se neasurenent. This type of
neasurenent is called notched-noise. S gnal-to-noise (S\R ratiois a
conpari son of the recei ved power of the holding tone to the noi se power.

To correlate the interfering effect of idl e-channel or notched noise to
users, weighting networks are sonetines enpl oyed. The nost commonl y used
network is the Gnessage, which is primarily applicable to voice
transmssion. It may be used for data applications that are band-limted to
about 600 - 3,000 Hz. A 3-kHz flat filter network shoul d be used for data
transm ssi ons whi ch require a wder frequency response. Such a network woul d
also allowfor detection of |owfrequency conponents (e.g., a 60-Hz signal
and its harnonics) that nay be inpairing transm ssion perfornance.

5.17.4 Method. The neasurenent nethod (and associ at ed neasuring equi prent )
conformng to | EEE Standard 743-1984 has been adopted for this standard.

F gure 17 shows the general test arrangenents wth configurations a and b.
The figure 17.a. configuration is applicable to idl e-channel noise
neasurenents, and the figure 17.b. configuration to noi se neasurenents
requi ring a hol ding tone.

Measurenents are nade with the unit under test (UJT) termnated inits

nom nal inpedance. Wth the noi se nmeasuring set switched to the applicable
wei ghting network, the neasurenent is nade and the noi se val ues are recorded
and conpared to the specification for the UJL.

NOTE: See the appendi x for reference to detailed
procedur es, correspondi ng techni ques, and neasuring
equi prent speci fications for the nmethod descri bed
above.
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NOISE
TERMINATION UNIT UNDER MEASURING
TEST
SET
a. Idle-channel noise measurement.
TEST
OSCILLATOR UNIT UNDER NOISE
MEASURING
(HOLDING-TONE TEST SET
GENERATOR)
b. Not ched-noi se neasur enent.
FI GURE 17. Noi se/ si gnal -to-noi se rati o neasurenent setup
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5.18 Phase hit neasurenents

5.18.1 Scope. The net hod described bel ow shal | be used for neasurenents on
communi cati ons systens subject to abrupt changes in the phase of the
transmtted signal .

5.18.2 Masuri ng equi pnent

Transm ssion inpai rnent neasuring set (TIM5), 2 ea
Recor di ng devi ce (optional)

5.18.3 Principles of neasurenent. Phase hits are characterized by random
signal junps to a new phase and a return to the original phase after a brief
period (nmeasured in mlliseconds). To be classified as a phase hit, the
phase change should last fromfour mlliseconds to a duration period of
several hundred mlliseconds before the original phase is restored.
Measurenent paraneters of phase hits include distribution of hit magnitudes
in degrees, the nunber of hits over a given tine period, and the tine
distribution of hits.

Measurenent of phase hits can be somewhat nasked by the presence of inpul se
noi se on the transmssion system The significant effects of inpul se noi se
transi ents, however, have been found to disappear within four mlliseconds.
Therefore, separate tine limts can be i nposed on phase hit neasurenents to
guard agai nst noi se interference (sone test sets have provision to inhibit
erroneous counts frominpul se noise interference, thereby elimnating the
need for such precautionary neasures).

5.18.4 Method. Figure 18 shows the general test arrangenment. Phase hits

are counted by the TIMS after its controls are set for the required threshol d
(the tolerance for the unit under test (UJI) in degrees) and tine interval
for cumul ative phase hits, as specified for the UJI. The phase hit count is
recorded for the required tine interval and conpared to the specification for
t he UJT.

NOTE: See the appendi x for reference to detailed
procedur es, correspondi ng techni ques, and neasuring
equi prent speci fications for the nmethod descri bed
above.
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TIMS UNIT TIMS
(GENERATOR) UNDER TEST (RECEIVER)
i
|
|
|

l

: RECORDING ;
| DEVICE
I

(SEE NOTE)

NOTE:
A RECCRDI NG DEVI CE CAE BE USED AS SHOM TO
CHARACTERI ZE PERFCRVANCE RESULTS

FIGQURE 18. Phase hit neasurenent setup

60



M L- STD- 188- 190

5.19 Phase jitter nmeasurenents

5.19.1 Scope. The nethod descri bed bel ow shal | be used to neasure unwant ed
angul ar nodul ation of a transmtted signal .

5.19.2 Measuring equi prent .

Transm ssion inpai rnent neasuring set (TIMS), 2 ea
Recor di ng devi ce (optional)

5.19.3 Principles of neasurenent . Phase jitter results froman incidental
phase nodul at1 on process that produces unwanted variations in the zero
crossing of the received signal as well as discrete sidebands. Both of
these effects can be used as a basis for the nmeasurenent of phase jitter.

The incidental phase nodul ation of the transmtted signal is caused by
powerline frequencies or multiples thereof, signaling frequencies or their
conbi nations, or lowfrequency (5 to 20 Hz) conponents due to frequency
translation factors. S nce noise and tone interference al so perturb the zero
crossings of a signal, phase jitter nmeasurenents wll indicate the cunul ative
di sturbing effect of incidental (true) phase nodul ati on and additive tones or
noi se on the zero crossings of a holding-tone signal. S nce the frequency
band nost |ikely affected by phase jitter is also sensitive to noi se and tone
interference, a phase jitter neasurenent should include a technique to [imt
the contribution of these sources.

5.19.4 Method. F gure 19 shows the general test arrangenent. The standard
net hod shall be the zero-crossing nethod, inplenmented in the nmeasuring set by
band limting, detection of zero crossings, and display of peak-to-peak

devi ations in degrees.

NOTE 1: Band limting the nmeasurenents in a range from
4 H to 300 Hz (usually 4 Hz to 20 Hz for | owfrequency
jitter and 20 Hz to 300 Hz for other sources) mnimzes
the influence of additive noise and tone interference
w t hout conprom sing neasurenent sensitivity to the

i nci dental phase nodul ati on conponents.

NOTE 2: A G not ched noi se neasurenent (see 5.17,

"Nbi se/ signal -to-noi se rati o neasurenents") can al so be
nade in conjunction with this neasurenent to determne
the extent of the additive noi se conponent.

NOTE 3: Because quantizi ng noi se can al so inpact the
phase jitter reading, a test signal frequency and
filtering should be used that wll suppress the effect
on the neasurenent.
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(GENERATOR)

NOTE:

UNIT
UNDER TEST

- TIMS

(RECEIVER)

F_--i“-ﬂ

| RECORDING |
DEVICE

(SEE NOTE)

A RECCRDI NG DEMI CE CAN BE USED AS SHOM TO

CHARACTER ZE PERFCRVANCE RESULTS.

FI GQURE 19.

Phase jitter neasurenent

set up.
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Foll owing the isolation of the phase jitter fromother contributions, the
jitter value in degrees is recorded and conpared to the specification for the
unit under test (UJ).

NOTE: See the appendi x for detailed procedures,
correspondi ng techni ques, and neasuring equi pnent
specifications for the nethod described above.
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5.20 Resi st ance-t 0- eart h neasurenents

5.20.1 Scope. The nethod described bel ow shall be used to nmeasure the
resistance to earth of earth el ectrode subsystens.

5.20.2 Measuri ng equi prrent

Earth resistance neasuring set

5.20.3 Principles of neasurement . Resistance to current through an earth
el ectrode actually has several conponents: resistance of the el ectrode itself
and connections to it; contact resi stance between the el ectrode and the soil
adjacent to it; and resistance of the surrounding earth. The object or

devi ce used for the el ectrode usual |y has a cross-sectional area | arge enough
that the el ectrode contributes a negligible resistance to the path current.

Li kewi se, contact resistance is usually a small part of the total resistance

of the subsystem The greatest resistance is therefore contributed by the

resi stance of the surroundi ng earth.

Assumng a uniformresistivity for the surrounding earth, the resistance to
earth of an earth el ectrode subsystemcan be theoretical |y cal cul at ed.
However, since earth resistivity is neither uniformnor constant and the
formul as becone conplicated, a direct nethod of measuring resistance to earth
of earth el ectrode subsystens is given in 5.20.4.

5.20.4 Met hod. Two commonly used et hods for neasuring the resistance to
earth of-an earth el ectrode subsystemare the triangul ati on nethod and the
fall-of-potential nmethod. The fall-of-potential nethod i s recormended for
neasurenment of single-rod or multirod earth el ectrode subsystens and is given
as the standard net hod.

F gure 20.a. shows the general test arrangenment. The fall-of-potential

net hod i nvol ves passing a current between the el ectrode under test and a
current probe. The neasuring set detects a drop in voltage between the

el ectrode under test and the potential probe |ocated between the two current
probes. The ratio of the voltage drop to the known current gives a neasure
of the resistance.

NOTE 1: The voltage potential is in respect to the
el ectrode under test, assuned for conveni ence to be at
zero potenti al

NOTE 2: The earth resistance nmeasuring set includes a
vol tage source, a capability of measuring voltage and
current, and, by conputing resistance, provides a
direct readout in ohns.
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EARTH RESISTANCE
MEASURING
SET

Qo Q9 (OB

ELECTRODE POTENTIAL CURRENT
UNDER TEST PROBE PROBE

NOTE:
C AND P ARE CURRENT AND POTENTIAL SOURCES, RESPECTIVELY.

a. Resistance-to-earth measurement setup.

| /

l . /
» l /
=
3
o EARTH RESISTANCE —
O }
Z
<
-
2]
o
& / I
0 0.2X 0.4X 0.62X 0.8X X
(NOTE 1) (NOTE 2)

POTENTIAL PROBE POSITIONS

NOTES:

1. PGB TIAON OF THE ELECTRCCE UNDER TEST.

2. X= TOTAL D STAN CE THAT POTENTI AL PRCBE | S PLACED
FROM ELECTRCDE UNDER TEST.

b. Resistance vs distance fromearth el ectrode.

FI GURE 20. _Resistance-to-earth neasurenents .
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This neasure is repeated while noving the potential probe anay fromthe

el ectrode under test in steps and the resulting resistance val ues plotted as
a function of probe spacing as shown on figure 20.b. The points of

neasur ement nust be roughly on a straight Iine between the el ectrode under
test and the current probe, and the plotted curve extended until resistance
val ues level off to forma flat portion.

NOTE: To obtain a flat portion of the curve, it is
necessary that the current probe be effectively outside
the range of influence of the el ectrode under test
(i.e., a distance beyond which there is negligible
effect on the neasured rise of ground voltage caused by
ground current). This distance should be a m ni num of
about five tinmes the | ongest diagonal of the area of
the el ectrode under test to ensure an accuracy of 90
percent for the neasurenent. Wth an extensive earth
el ectrode subsystem it may not be possible to | ocate
the current probe at this mninmmdistance. Refer to
M L- HDBK- 419 for resistance curves representing a | arge
el ectrode subsystem and a nmethod of estimating the true
val ue of resistance by extrapol ation. This handbook

al so contains additional information on inproving the
accuracy of the measurenent by extending the current
probe |l ocation up to 50 times the diagonal for a

99- percent accuracy.

The correct reading of resistance is noted at a di stance 62
percent (or 0.62X) of the total distance fromthe el ectrode
under test as shown by the dotted line on figure 20.b. This
value is recorded and conpared to the specification for the
el ectrode subsystem under test.

NOTE | : The resistance of a | arge groundi ng subsystem
may have an appreci abl e reacti ve conponent when the
resistance is less than 0.5 ohns. Therefore, the
nmeasured value is an "inpedance” and shoul d be so

consi dered, although the tern commonly used is
"resistance. "

NOTE 2: See the appendi x for reference to detail ed
procedures for the method descri bed above.
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5.21 Return | oss neasurenents

5.21.1 _Scope. The nethod described bel ow shall be used for making return
| oss neasurenents. It is applicable to units which require an i npedance
nmatch to another el enent of a transm ssion subsystem

5.21.2  Measuring equi pnent

D rectional bridge/directional coupler
S gnal generat or

Power net er

Ref erence i npedance termnation

Short circuit termnation

5.21.3 Principles of neasurenent. A transmssion line or interface

Equi pnent 1s nornally termnated in its characteristic i npedance. A msnatch
in inpedance gives rise to the reflection of a portion of the incident signal
which can result in signal distortion or echo. Return loss is the ratio of
the incident to reflected power at the neasurenent point and i s expressed in
dB.

Return | oss nmeasurenents require a directional device to separate the
incident and reflected signals. This separation can be acconplished using
either a directional bridge or directional coupler. The degree to which the
two signals are separated is terned directivity and it is the domnate error
factor in neasuring snall reflected signals (high return loss). For exanpl e,
tolimt worst case neasurenent errors to less than one dB, the directivity
of the bridge or coupl er nust be a mni numof 20 dB greater than the actual
return loss of the unit under test (UJI). Reducing this difference to 10 dB
can result in a worst case neasurenent error of about 3.5 dB.

5.21.4 Met hod. F gure 21 shows the general test arrangenent. Wth the
signal generator set to the specified frequency and | evel (relatively highto
inhibit the inpact of residual noise on test results), the reading of the
power neter is recorded. The WJT is then replaced wth a short circuit and
the reading of the neter is recorded again. The difference between the two
readings in dBindicates the return loss and this value is recorded and
conpared to the specification for the WI. This nethod is repeated for other
frequenci es over the frequency range specified for the UJT.

NOTE 1: The following fornulas can be used for
conversion of terns fundanmentally related to return
| oss neasurenents:
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DIRECTIONAL
SIGNAL BRIDGE/
GENERATOR COUPLER
POWER
METER

NOTE:

UNIT
UNDER
TEST

—

(SEE NOTE)

SHORT

TERM NATI ON REQUI RED FOR TWD PART UNI TS

FI GQURE 21.

Return | oss neasur enent _set up
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1-p| 1- 10-005R

Z1- 70 Z1 1 +p
p = or = ;
2l +7Z Zo 1- p

VSWR - 1
|P|= — = 10-0.05R,;
VSWR + 1
and RL = -20Iog|P|
Wiere p = conpl ex voltage reflection coefficient = P @;
p = voltage reflection coefficient magnitude;
RL =return loss in dB;
Z = input inpedance of WI = R + jX;
and Zo = characteristic inpedance of UJT = Ro + | Xo.

NOTE 2: See the appendi x for reference to detail ed
procedures, correspondi ng techni ques, and neasuring
equi pnment specifications for the method descri bed
above.
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5.22 Si det one neasur enent s

5.22.1 Scope. The nethod described bel ow shal | be used to neasure the
transmssion and reproduction of sounds through a | ocal path fromthe
transmtting transducer to the receiving transducer of the sane tel ephone end
i nstrunent.

5.22.2 Measuring equipnent .

Si gnal gener at or

Ac vol t et er

Artificial nouth

Artificial ear

Standard dc feed circuit with test |oop

5.22.3 Principles of neasurenent. S detone is the acoustic output |evel of
a tel ephone recei ver, produced by an acoustic input to the transmtter of the
sane transmtter set, that nay be varied in frequency or |evel. Speech

si detone serves to assure the speaker that the systemis working, and al so
provi des a neans of adjusting voice level. A sidetone level of-0 to 6 dB

bel ow the nornmal receiving level is often satisfactory.

5.22.4 Method. The test nethod (and associ ated test equi pnent) confornng
to | EEE Standard 269- 1983 has been adopted for this standard and is
summarized in the foll ow ng paragraphs. This nethod of neasuring sidetone
enpl oys a test fixture which includes an artificial nouth and an artificial
ear |ocated relative to each other as shown on figure 22, and the transmtter
and receiver are nounted in the same handset

Fi gure 22 shows the general test arrangenent.

NOTE: The test | oop used to connect the unit under
test (WT) to the termnati on should be variabl e and
capabl e of representing the range of | oop-inpedance
frequency characteristics that the tel ephone set is
expected to encounter in use.

Following the calibration of the artificial nmouth and the conditioning of the
transmtter, the sound pressure | evel developed in the artificial ear is
neasured while driving the transmtter at the | evels specified for the UJT.
The neasured val ue i s recorded and conpared to the specification for, the UJ.

NOTE 1: See the appendi x for reference to detail ed
procedures and neasuring equi prent specifications for
this met hod.

NOTE 2: An alternative nmethod based on the use of two
handsets is provided in | EEE Standard 269-1983. Except
for nodifying the testing arrangenment to accommodat e
two handsets, the procedures are the sane as for the
preferred nethod. See the referenced standard for
details on this alternative method.

73



‘HIDNASNYHL V S3ANTONI HLNOW TVIOIHIHY IHL 2

‘SNOHJOUHOIN QHVANVYLS Vv SIANTONI HVI TVIDIILYY IHL I

M L- STD- 188- 190

‘S310N
(2 3LON)
11NOHID H1NOW IVIOI3ILYEY
@334 oa ———
™ "aatimsnvul | \\,\
NOILVNIWE3L } | HV HOLVHINID
so001 | | IVYNOIS
1s3s | _ k.\\\\\
“ 13SANVH | wmw.&“&:&
_ _ (4313WL1I10A OV)
“ _ Ho195313a
H3IAI303Y
r" L] ||L
1S31 H3IANN (L 310N)

1iINN

Hv3 1vIOldiidy

neasurenent setu

Si det one

FI QURE 22.

74



M L- STD- 188- 190

5.23 Speech vol une neasurenents

5.23.1 Scope. The nethod described bel ow shal |l be used for neasuring the
absol ute val ue of speech or nusic volune. Volune unit (vu) neasurenents are
nornal |y used in cases where a failure to naintain a constant average voi ce
power can result in overnodul ation or distortion.

5.23.2 Masuri ng equi pnent

Vu neter

5.23.3 Pinciples of neasurenent . M neters calibrated i n deci bel vol une
units (for recordi ng purposes) or percent nodul ation (for radio transmtting
purposes) are usual ly kept on-line to nmeasure vol une | evel s of program or
speech material being transmtted. The standard vu indicator includes a
neter and associated attenuator and is calibrated to read O vu under the

fol low ng conditions: connection is nade across a 600-ohmcircuit (voice
pair) conducting one mlliwatt of sine-wave power at any frequency between 35
H and 10,000 Hz. The neter frequency response or weighting is intended to
approxi nate that of the hunan ear.

A ven these characteristics, a constant-volune tal ker will produce a speech
signal fluctuating in anplitude at a syllabic rate, but yielding a vol une
reading on a vu neter that is constant relative to tine. Such control of
volune is usual ly found only under specially controlled conditions.

5.23.4 Method. F gure 23 shows the general test arrangenent. The tal ker
reads test material (e.g., syllables, words, or sentences) over the unit
under test (UJT) in conditions similating nornal use of the equi pnent. The
tal ker shoul d produce continuous speech including natural pauses such as
interword and intersyllabl e gaps, but not |ong pauses typically associ at ed
with narshal ling thoughts or waiting for a reply.

The tal ker's speech level is nonitored on the vu neter over a ten-second
interval and the naxi mumexcursions of the instrunent needl e are noted.
After the two or three highest excursions are excluded, the average of the
peak defl ections over the ten-second interval is estinated, recorded, and
conpared to the specification for the U
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UNIT UNDER TEST

7 “‘I
l TRANSDUCER l
I TRANSDUCER] |
I AMPLIFIER I
- -
VU METER
FIl QURE 23. Speech vol unme neasurenent setup
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5.24 Tel ephone-set transmtting noi se measurenents

5.24.1 Scope. The nethod described bel ow shall be used to neasure the
random noi se originating in or contributed by tel ephone sets in a
comuni cati on system

5.24.2 Measuring equi pnment .

Noi se measuring set
Feedi ng bri dge
Amet er

5.24.3 Principles of neasurenent . The presence of noi se (any undesired
signal of uniformenergy Dstribution) in a tel ephone set interferes with the
intelligible transmssion of voice or supervisory signaling over a

communi cation channel . Measurenent of the randomnoi se contribution of a

tel ephone set is fundanental to determning overall systemcommunicability in
the presence of noi se.

5.24.4 Method. Figure 24 shows the general test arrangenent. Wth the
noi se neasuring set adjusted to the weighting network specified for the unit
under test (UJN), the tel ephone handset is renoved fromthe cradl e and the

m cr ophone i sol ated from anbi ent noi se and nechani cal vibration. This

i sol ati on can be achi eved by covering the transmtter wth sound-absorbi ng
material and placing the handset on a vibration-free surface. After the
feeding bridge potentioneter is adjusted to supply nmaxi numspecified current
to the UJT (as observed on the ammeter), the wei ghted noi se | evel is recorded
and conpared to the specification for the UJL.

NOTE: See the appendi x for reference to detail ed
procedures and correspondi ng rmeasuri ng equi prrent
specifications for the nmethod described above.

77



M L-STD-1 88-190

UNIT ‘ NOISE
UNDER AMMETER FBE,_."E,B'(';‘EG ~| MEASURING
TEST SUF
48V DC

FI QURE 24. Tel ephone-set transmtting noi se measurenent setup
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6. NOTES

(This section contains information of a general or explanatory nature that
nay be hel pful, but is not mandatory.)

6.1 Intended use . This standard specifies general neasurenent techniques
for the performance eval uation of |ong-haul or tactical communications
systens and subsystens. These nmethods are to be applied in the verification
of corresponding el ectrical paraneter requirenents, given in the 188 series
docunents as mnimuminteroperability and perfornmance characteristics.

6.2 Issue of DOOSS . Wien this standard is used in acquisition, the
appl i cabl e issue of -the DoD SS nust be cited in the solicitation (see 2.1.1
and 2.2).

6.3 Subject term(key word) listing

Bond resi stance

O osstal k

Dgital errors

Dgital jitter

Dr opout s

Envel ope del ay distortion
Fr equency

Frequency transl ation

Har noni ¢ di stortion

| npul se noi se

Insertion | oss vs frequency
I nt ernodul ati on distortion
Longi t udi nal bal ance

Net | oss/gain variation

Noi se figure

Noi se and signal -to-noise ratio
Phase hits

Resi stance to earth

Return | oss

Si det one

Speech vol une

Tel ephone-set transmtting noise
Testing techni ques
Transm ssi on i npairnents
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APPENDI X

REFERENCES SUPPORTI NG METHCDS OF
MEASUREMENT | N M L- STD-188-190

10. SCCPE.

10.1 Purpose. This appendi x provides reference information in support of
t he et hods of neasurenent in M L-STD 188-190

10.2 Application . This appendix is for guidance only. It is intended to
conpl enent sel ected nethods in this standard with recormended docunents

cont ai ni ng correspondi ng detail ed neasurenent procedures and test equi pnent
characteristics. The information contained in this appendix is not a

nmandatory part of this s standard.

20. REFERENCED DOCUMENTS.

20.1 CGovernnent docunents = The foll owi ng docunents forma part of this
appendi x to the extent specified:

M LI TARY HANDBOOK M L- HDBK- 419: G oundi ng, Bondi ng, and
Shielding for H ectronic Equi prent and
Facilities (VMolunes 1 and 2)

DEFENSE COMMUNI CATI ONS DCAC 310-70-1, DCS Technical Control:
ACENCY O RCULARS (DCAC 9) Suppl enent 1, Volune |1, Procedures , Test
Descri ptions (March 1981)

DCAC 310-70-57, DCS Quality Assurance
Program Suppl enent 1, Techni cal

Eval uati on, Line-of-S ght (LOS) and
Tropospheric Scatter Links (April 1981);
Suppl enent 6, Techni cal Eval uati on,

Satel | ite Communi cations Systens (Qct ober

1976)
Al R FORCE COWLUN CATI ONS AFCSP 100-35, Gommuni cations-H ectronics
SERVI CE PAMPHLET ( AFCSP) Systens Approach to Wdeband  conmuni cati ons

(15 Decenber 1978)

20.2 Non-CGovernnent publications . The follow ng docunents forma part of
this appendix to the extent specitied

THE | NSTI TUTE GF ELECTR CAL | EEE Std 81-1983, | EEE Quide for Measuring
AND H.ECTRON CS ENG NEERS Earth Resistivity, Gound |npedance, and
(1 EEF) STANDARDS Earth Surface Potential s of a Gound System
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APPENDI X

|BEEE S d 269-1983, | EEE Sandard Met hod for
Measuring Transm ssion Performance of
Tel ephone Sets

| EEE Std 455-1985*, | EEE Sandard Test
Procedure for Measuring Longitudi nal

Bal ance of Tel ephone Equi pment Qperating in
the Voi ce Band. *ANS /| EEE 455- 1985 (al so
approved by Anerican National S andards
Institute (ANS))

| EEE Std 743-1984, |EEE Standard Met hods
and Equi prent for Measuring the

Transm ssi on Characteristics of Anal og
Voi ce Frequency Grcuits

30. DEFI NI TIONS. For purposes of this appendi x, the definitions of
FED- STD- 1037 shal | apply.

40. REFERENCES TO DETAI LED PROCEDURES, TECHN QUES, COR FUNCTI ONAL
REQUI REMENTS. The docunents referenced in table | contain detail ed
procedures, techniques, or functional requirenents for test equi pnent that
correspond to nethods of neasurenent in ML-STD 188-190. The nethods are
identified by paranmeter descriptions in al phabetical order followed by the
docunents referenced and the paragraphs or pages that apply
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APPENDI X

TABLE |. Docunents supporting ML-STD 188-190

met hods of neasur enent

M L- STD- 188-190 net hod

Docunent / Ref er ence

Bond resi st ance
O osstal k

Dgital errors

Dr opout s

BEnvel ope del ay distortion

Fr equency

Frequency transl ation

Har noni ¢ di stortion

| npul se noi se

Insertion | oss vs

f requency

Internadd aion dstortion

Longi tudi nal bal ance

M L- HDBK-419, Vol . II, para. 2.2.2.3.1
| EEE Std 743-1984, para. 4.6.4 to 4.6.4.2

DCAC 310-70-1, Suppl. 1, pages 19 -1 to 19-12
AFCSP 100- 35, para. 20-6

DCAC 310-70-1, Suppl. 1, pages 15-1 to 15-7

| EEE Std 743-1984, para. 4.4 to 4.4.2.7 and
4.4.6 to 4.4.6.3

DCAC 310-70-1, Suppl. 1, pages 3-1 to 3-37

DCAC 310-70-57, Suppl. 1, pages 14-1 to 15-8

AFCSP 100-35, para. 19-9

| EEE Std 743-1984, para. 4.3.3to 4.3.3.3.4
| EEE Std 743-1984,para. 4.6.6 to 4.6-6.6

AFCSP 100-35, para. 19-10

DCAC 310-70-1, Suppl. 1, pages 5-1 to 5-8

DCAC 310 - 70-57, Suppl. 1, pages 17-1,17-3,
and 17-6

| EEE Std 743-1984, para. 4.6.6 to 4.6.6.6

DCAC 310-70-1, Suppl. 1, pages 12-1 to 12-5
DCAC 310-70-57, Suppl. 1, pages 16-1 to 16-6
AFCSP 100- 35, para. 19-12

DCAC 310-70-1, Suppl.1, pages 9-1 to 9-11
DCAC 310-70-57, Suppl.1, pages 11-1 to 11-4
| EEE Std 743-1984, para. 4.4 to 4.4.3.10

DCAC 310-70-1 Suppl. 1, pages 2-1 to 2-14
DCAC 310-70-1: Suppl .1, pages 12-1 to 13-5
| EEE Std 7 43-1984, para. 4.3.1to0 4.3.1.5.9

DCAC 310-70-1, Suppl. 1, pages 14-1 to 14-10
| EEE Std 743-1984, para. 4.6.3 to 4.6.3.2.13

ANSI /| EEE Std 455-1985 (all)
| EEE Std 743-1984, para. 5.6.3

83




TABLE 1.

M L- STD- 188- 190

APPENDI X

Docunents supporting ML-STD -188-190

et hods of neasur enent - - Cont | nued

M L- STD- 188-190 net hod

Docunent / Ref er ence

Net | oss/gain variation

Noi se figure

Noi se and SNR

Phase hits

Phase jitter

Resi stance to earth

Return | oss
Si det one

Tel ephone- set
transmtting noi se

DCAC 310-70-1, Suppl. 1, pages 4-1 to 4-10

DCAC 310-70-57, Suppl. 1, pages 19-1, 19-2,
and 19-4

DCAC 310-70-1, Suppl. 1, pages 7-1 to 7-15
DCAC 310-70-57, Suppl 1, pages 10-1 to 10-5
AFCSP 100-35, para. 18-3

| EEE Std 743-1984, para. 4.3.2 to 4.3.2.13.3

DCAC 310-70-1, Suppl. 1, pages 15-1 to 15-7

DCAC 310-70-57, Suppl. 1, pages 18-1 to 18-4

| EEE Std 743-1984, para. 4.4 to 4.4.2.7 and
4.4.4 to 4.4.4.8

DCAC 310-70-1, Suppl. 1, pa ges 13-1 to 13-4,
13-8, and 13-10

DCAC 310-70-57, Suppl. 1, pages 18-1 to 18-4

| EEE Std 743-1984, para. 4.5t0 4.5.1.14

M L- HDBK- 419, Vol. 1, para. 2.7 to0 2.7.2.3
DCAC 310-70-57, Suppl. 1, pages 46-1 to 46-5
| EEE Std 81-1983, para. 8.2.5, 8.2.1.6,

8.4, and appendix C
| EEE Std 743-1984, para. 4.6.1 to 4.6.1.3.2

| EEE Std 269-1983, para. 6.4 to 6.4.2.1

| EEE Std 269-1983, para. 6.2.4
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